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Abstract
One of the main challenges of current agriculture to ensure food security is the development of strategies to deal with potential negative impacts and
adaptation to climate variability. This study has conducted to determine climatic and management factors influencing wheat yield variability throughout a
temperate region in Northeastern Iran in the period of 1980–2010. The growth stages and yield of wheat crop were simulated with DSAAT model, using
AgMERRA gridded dataset and the effect of climatic variables on yield was identified using Panel Data Regression (PDA). According to the results, 63% of the
changes in irrigated wheat yield are explained by environmental factors (temperature and precipitation) and 37% by management factors. PDA revealed that
among the climatic variables, the number of temperatures above 30 oC during the growing season, mean temperature, amount and frequency of precipitation
have a significant effect on irrigated wheat yield (p ≤ 0.05). The length of wheat growing season throughout the study region were decreased by 26 days
during the study period. The management practices, including the provision of inputs such as chemical fertilizers, modified seeds, tillage machinery and
equipment, information transfer and the penetration of knowledge in the field, increase yields by averaged if 5 kg per year in study region. In general,
employing the effective management methods, in particular selecting the appropriate planting date that could be resulted in better adaptation of the
phenological stages of wheat to environmental conditions, can improve wheat yield. The results of this research indicate that using valid AgMERRA
meteorological dataset as input for DSSAT crop model could produce reliable simulations which in turn could be employed by food policy and decision
makers, farmers and managers in a temperate region.

1. Introduction
Climate change and reducing of natural resources have strongly affected the world food security. On the other hand, have been expected that world population
will be increased to 9.7 billion inhabitants by 2050 (Arun & Ghimire, 2019). Wheat is a major cereal crop around the world and shares about 21% of the global
food production (Curtis & Halford, 2014). Demand for wheat in developing countries is projected to increase by 60% by 2050 (Nelson et al., 2009). One of the
agricultural strategies to ensure food security is cope with negative impacts of climate change and variability (Raymundo et al., 2018). Global warming is
expected roughly 1℃ by 2030, relative to the late twentieth century(Solomon et al., 2007). Therefore, identification of vulnerable areas and adaptive
operations are very important to maintain the present level of food production, moreover achieve sustainable production (Sanjani et al., 2011). Climatic
variables such as air temperature and precipitation affect crop yields (Alexandrov & Hogenboom, 2000; Bannayan et al., 2010). Temporal and spatial
fluctuations in yield are due to differences in input levels, agricultural developments, as well as soil and climate conditions (Bannayan et al., 2018; Yaghoubi et
al., 2020). Despite of major developments in cropping systems and technologies, management of climate induced variables in yields is often inefficient and
simple indicators of growing season temperatures and precipitation explain 30% of variations in global average yields (Lobell & Field, 2007). The result of a
study shows that in globally, climate variability accounts for roughly a third (32–39%) of the observed yield variability (Ray et al., 2015). Crop production will
decrease significantly and growing period is shortened with warming (Gohari et al., 2013). A study revealed that 28% − 34% changes in yield could be explain
with change in agro climatic conditions (Iizumi & Ramankutty, 2010). Asian farmers almost attempt to cope with annual climatic variability so adaptation acts
and management practices such as taking optimum regimes of irrigation to hedge against drought and heat stress harmful consequences is necessary (Jain
et al., 2015; Nassiri-Mahallati & Jahan, 2020). Agricultural production is mainly characterized by high levels of uncertainty and risks. Natural disasters, pests,
disease, early cold in autumn, late cold in spring and drought hits to farmers economy (Sookhtanlo & Sarani, 2019). By studying plant phenology, the effect of
climate variability on plant growth and yield can be analyzed, and in the following, provide the best suggestions for coping and adaptation (Jahan and Nassiri-
Mahallati, 2022). Studying wheat phenology could help farmers to confront with climate conditions (Ren et al., 2019). Temperatures above 30°C cause
damage to the photosynthetic system in wheat leaves, resulting in reduced grain filling and yield (Asseng et al., 2011). Therefore, farmers' access to
agricultural facilities and adaptation management of environmental stresses are effective in reducing yield and achieving food security (Arshad & Krupnik,
2016; Jahan & Nassiri-Mahallati, 2022) .

Estimating yield and its variability are essential for analysis of food security, assessing impact of climate variability on crop production, development and
employing of crop management decision-support tools, supporting and target agronomic research and policy (Jahan & Nassiri-Mahallati, 2022). Regarding the
importance of climate change, various tools have been developed to measure its effects. One of the relatively low cost, accurate and fast solution is the use of
modeling approach and crop growth simulation models (Ruane et al., 2015). On the other hand, crop simulation models require high-quality and long-term
historical daily weather data (Wallach et al., 2014; Van Wart et al., 2015). Almost all agricultural climatic indices are calculated based on temperature and
precipitation. According to the World Meteorological Organization's standard, meteorological data for at least thirty years are required for climate studies
(Burroughs, 2003). However, in many regions of the world that often face climate variability and vulnerability of their agricultural production, most weather
stations only have available daily weather data for a few years and also may not cover all required variables for crop models (Lobell & Burk, 2010; Van wart et
al. 2015). One of the challenges in obtaining meteorological data is the small number and dispersion of meteorological stations and missing data (Bender &
Sentelhas, 2018). Gridded weather data have been used as alternatives in regions where observed weather data are not available (Van Wart et al., 2015).
AgMERRA )Agricultural Modern-Era Retrospective analysis for Research and Applications) is the result of the reanalysis of data from satellites MERRA
(Modern-Era Retrospective Analysis for Research and Applications(, PERSIANN (Precipitation Estimation from Remotely Sensed Information using Artificial
Neural Networks) and CMORPH (Climate prediction center morphing method) that used (Joyce et al., 2004) and the observed data of synoptic stations in 2324
important agricultural areas across the world. Agricultural researches need to daily, high resolution of meteorological data that are available at AgMERRA
global gridded climate data set with (0.25° × 0.25° horizontal resolution for precipitation, wind speed, and relative humidity at the time of maximum
temperature ‘minimum relative humidity’), 0.5° × 0.5° for the minimum and maximum temperature (Tmax and Tmin), and 1° × 1° for solar radiation) (White et
al., 2008; Ruane et al., 2015). The gridded weather database are usually derived from global circulation computer models, remotely sensed satellites data, or
interpolated land station data (Van Wart et al., 2013)

North Khorasan province with ​​28179 km2 area is located in the Northeast, Iran. It has seven meteorological stations that historical meteorological data are not
available for or have missing values. On the other hand, assuming the completion and availability of long-term meteorological data, this number of synoptic
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stations are not sufficient to conduct climatic studies and implement simulation models of crop yields in the wide area and therefore do not have the
necessary accuracy. According to official statistics, the area under irrigated and rain-fed wheat cultivation in 2018 in north Khorasan Province was 146,274
hectares, which is the dominant crop in the province. Wheat has long been a major crop in the region and the farmers' economy depends on it.

The objectives of this study is, at first, to investigate the trend of historical wheat yield and identify the share of environmental and managerial factors
influencing it. The second is, simulating the growth and development of irrigated wheat using valid AgMERRA forcing dataset, by the DSSAT crop model,
which has already been calibrated and validated for different areas of wheat cultivation in Iran. The third is, finding the best recommendable management
option for wheat cultivation in study region to mitigate climate variability and uncertainty. The results of this research help to make adaptive management,
farm level decisions and appropriate operations to deal with environmental changes and climate variability.

2. Materials And Methods
In this research, year-to-year variability in observed wheat yields and growth stages associated with variations in climate were analyzed using gridded
temperature and precipitation data and assess how wheat yield changes with stress degree-days on a spatiotemporal scale.

2.1. Study area
This study was conducted in north Khorasan province of Iran with 28179 km2 area and seven regions (Bojnord, Shirvan, Farooj, Esfarayen, Raz-Jargalan,
Mane-Semelghan, Jajarm). It is located in the geographical coordinates of 36o 27' to 38 o 17' N and 55 o 54' to 58 o 25' E. This area with a diverse and often
temperate mountainous climate is located in Northeastern Iran at an average altitude of 1326 m above sea level.

2.2. Collection of data and information

2.2.1. Measured and gridded weather data
Measured Weather Data (MWD) were retrieved from seven locations across the north Khorasan province. Historical daily measured weather data of maximum
and minimum air temperature (Tmax, Tmin), sunshine hours (R), relative humidity (RH) and precipitation (P), from 1980 to 2010, and for two stations (Bojnord
and Esfarayen) up to 2016, were obtained from the Organization of Meteorology of North Khorasan (OMNK). The geographical location of north Khorasan
province and distribution of weather data stations have been presented in Table1. The AgMERRA dataset for the period of 1980–2010 was downloaded in
NetCDF format from NASA official website (http://data.giss.nasa.gov/impacts/agmipcf/agmerra) then was analyzed and converted to appropriate format in
R software using ‘ncdf4’ package (Bosilovich et al., 2015).

2.2.1.2. Filling gaps in the meteorological database
Gaps in measured weather data (Tmax, Tmin, Solar radiation: Rs, rainfall, wind speed, and RH) can be filled in with data from the gridded databases such as
AgMERRA. AgMERRA with observed datasets from weather station networks and satellites, available on a daily temporal scale, for the period between 1980
and 2010, at 0.25° × 0.25° horizontal resolution (Rienecker et al., 2011).

2.2.1.3. Solar radiation estimation
As solar radiation (Rs) is not commonly recorded by conventional weather stations, so its values were calculated from sunshine hours (n) data using the
Angstrom-Prescott equation (Angstrom, 1924; Prescott, 1940) as follow:

Rs = (as + bsn /N) Ra Eq. 1

where Rs is the solar radiation at the ground surface (MJ m− 2 day− 1), Ra is the radiation above the atmosphere (MJ m− 2 day− 1), n represents the actual
sunshine duration (h), N is day length (h), and a and b are Angstrom-Prescott coefficients.

2.2.1.4. The AgMERRA dataset simulations
For each weather variable, goodness-of-fit indices between observations and AgMERRA were calculated and evaluated for the grid cell in which meteorological
stations were located. The full description of validity and possibility of using AgMERRA Networked Dataset in Northeastern Iran is given by Farhadi et al.
(2021), they reported that the validity results of the AgMERRA simulations indicated its robustness and power to produce meteorological data series in
Northeastern Iran.

2.2.1.5. Soil data
The soil properties including texture, structure, root penetration depth and electrical conductivity were obtained from the World Soil Database (ISRIC) and
extracted by ArcGIS software. These data can be downloaded for the globe with a resolution of 0.5o × 0.5o. This database contains 1125 soil profiles
distributed worldwide, which are referenced and classified according to the FAO system (Batjes Niels, 2012).

2.2.3. Crop management data
The required data including cultivar, planting date, sowing depth, type and amount of inputs were obtained from local organizations, farmers and extension
agents. The average historical yield of irrigated wheat from 1980 to 2017 in each area were extracted from official reports (www.maj.ir).

2.2.4. Data analysis & Modeling
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2.2.4.1. Climatic variability and managerial factors
To determine the effect of climatic and management factors on wheat yield, the historical observational yield trend was studied. The trend of long-term yield
changes due to management factors and its year-to-year fluctuations due to climate variability were investigated using regression models. The slope of the
fitted line on the yield change curve indicates the impact of management factors over time.

2.2.4.2. Crop yield simulations
To investigate the growth characteristics of the plant due to environmental factors, the growth stages were simulated using CSM-CERES (Cropping System
Model-Crop Environment Resource Synthesis) model in the DSSAT (Decision Support System for Agro technology Transfer) Ver. 4.7 software package. This
model simulates plant growth on a daily time scale. In this study, the genetic coefficients of irrigated wheat cultivar, which has been previously calibrated and
evaluated, was used to implement the model (Fallah et al., 2021). The CSM-CERES model inputs include rainfall, minimum temperature, maximum
temperature, solar radiation, conventional planting date in the study area (October 15), number of irrigations (6 times and each time at the rate of 1000 m3 ha− 

1), the planting density of 250–300 plants per m2 was considered.

To determine the effect of temperature and precipitation on yield (Bannayan et al., 2010), recorded yield data were employed, and the years with good and
poor yield were examined for some traits. These traits include the length of the growing season, the amount and distribution of precipitation during the
growing season, the length of grain filling phase (from anthesis to the end of the soft dough stage, Step 40 to 80 Zadox scale) (Poole, 2005), number of days
with temperatures above 30°C during the growing season, minimum, maximum and average temperatures during the growing season were recorded and
arranged in for each region and year (according to available meteorological data, in a period of 30 to 36 years) using MS-Excel software.

To study the trend of yield changes and determine the effect of climatic and managerial factors on it, the growth stages and yield of irrigated wheat were
simulated by DSAAT 4.7 crop model and then evaluated and validated with the observed yield. The trend of long-term yield changes reflects the impact of
management factors and its fluctuations from year to year due to climate change. Finally, the years with good and poor yield were analyzed in terms of
sensitive growth stages and the occurrence of temperature and rainfall stress.

2.2.4.3. Panel Data Analysis (PDA)
To determine the effect of environmental variables on wheat yield over the studied period in different regions, the panel data analysis was employed (Lobell &
Burke, 2010). PDA is actually a combination of time series and spatial analysis (Eq. 2).

{Y}_{it}=\beta {\text{X}}_{it}+\alpha {\text{Z}}_{i}+{ϵ}_{it} Eq. 2

where Y is the dependent variable, X is the independent variable, ϵ is the error at location i and at time t, and Zi is a variable that shows the special
characteristics of each location (heterogeneity of sections) or each region. If Zi contains only one constant term that is the same for all groups, then the
equation will be as follows (Eq. 3):

{Y}_{it}=\beta {\text{X}}_{it}+\alpha +{ϵ}_{it} Eq. 3

In this case, the model considered as the aggregated or pooled model (cross-sectional heterogeneities are not significant and are not present in the model). In
this regression mode, the common intercept (common alpha) is considered for all sections (all regions or places). Flimer's test is used to determine cumulative
regression (pooled) or the model with effects (panel). If there is a significant difference in the model between different sections, and Zi is correlated with Xi

(independent variables on the right side of the model), then for each group, there is an intercept (αi), whose equation is as follow (Eq. 4):

{Y}_{it}=\beta {\text{X}}_{it}+{\alpha }_{i}+{ϵ}_{it} Eq. 4

Here, αi = αZi, which includes all observable effects and represents a conditional mean that can be estimated. In this approach, which called the model with
"fixed effects", each group is assigned a fixed value such as αi.

3. Results And Discussion
To study the trend of yield changes and determine the effect of climatic and managerial factors on it, the growth stages and yield of irrigated wheat were
simulated and then evaluated and validated with the observed yield. The trend of long-term yield changes reflects the impact of management factors and its
fluctuations from year to year due to climate change. Finally, the years with good and poor yield were analyzed in terms of sensitive growth stages and the
occurrence of temperature and rainfall stress.

3.1.  Trend of yield changes 

The average yield of irrigated wheat over 38 years, with a very gentle upward slope, has had an almost constant trend due to managerial factors. In other
words, all management practices, including the provision of inputs such as chemical fertilizers, modified seeds, tillage machinery and equipment, information
transfer and the penetration of knowledge in the field, increase yields by averaged of 5 kg per year (for seven studied regions, by 12.63, 9.90, 1.63, 4.67, 4.52,
0.89, 1.41 kg per year, respectively) (Fig.1). This increase in yield was related to the influence of management operations (in particular cultivar and
technology/mechanization improvement). To investigate the effect of environmental variables as an important variable on wheat yield, growth stages were
simulated using DSSAT model. The coefficient of determination (R2) of the observed yield values with the estimated yield of wheat were 0.91, 0.70, 0.71, 0.68
and 0.69 which indicates the appropriate accuracy of the model in predicting yield (Fig. 2).
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It has been reported that one third of yield variation can be explained by climatic variables (Ray et al., 2015). The researches conducted on the role of
environmental factors on yield shows a negative correlation between temperature and yield. The reports indicate that global wheat production decreases by
6% for every one degree Celsius increase in temperature (Arshad and Krupnik, 2016; Asseng et al., 2011). The results of a study conducted on a global scale
showed that the monthly average of climatic data explained 30% of the variance in wheat yield and the rest was explained by other environmental and
management factors that varied in space and time (Lobell and Field, 2007). Iizumi and Ramankutty (2010) reported that more than 21% of the changes in the
yield of the world's four main crops (wheat, corn, rice, and soybeans), which produce 60% of the total consumed calories, between 1981 and 2010 can be
explained by changes in agroclimatic indicators.

3.2.  Trend of of maximum temperature

Maximum temperature has had increasing trend (0.04 ℃, 0.03 ℃, and 0.01 ℃ per year) in four regions (Bojnord, Esfarayen and Shirvan, respectively) (Fig.
3). 

Since wheat is not very compatible with humidity and high temperature, it is cultivated in tropical and semi-tropical regions at high altitudes and in cold times
of the year (Flohr et al., 2018). The most suitable conditions for the satisfactory growth of wheat are wet and cold winter weather followed by warm, dry and
clear weather for 6-8 weeks during the ripening period with an average temperature of 18-19 ℃ (Ali et al., 2019). It was reported that cold, drought, and
extreme heat also decrease grain protein in wheat (Flohr et al., 2018). For wheat, the number of days when the air temperature was higher than 30 ℃ was
calculated as an indicator of the aging speed throughout the growing season (Asseng et al., 2011; Lobell et al., 2012). In South Asia, for every one degree
Celsius increase in temperature, 3-17% decrease in wheat yield has been observed (Ray et al., 2015).

3.3.  Trend of of minimum temperature 

Minimun temperature decreased throughout the region during all studied years (data not shown). The study of the sensitive stages of wheat growth during
good years (with high grain) and poor years (with low grain yield) indicates that in poor years, the minimum temperatures were below the critical limit (-11 ℃)
(Fig. 6 and Fig. 7). The occurrence of very low temperatures in the initial stages of growth and production of primary leaves, which is the establishment stage
of the plant, causes a decrease in the level of photosynthesis and as a result, a significant decrease in yield. The occurrence frequency of this variable is 92.1%
of the studied years, thus, it is considered a limiting factor for the growth and development of wheat across the study area. Therefore, if the planting date is
not properly chosen and the establishment and rooting of the plant is delayed, cold damage will reduce the yield. Phenological stages of plants occur late in
cold regions and under low temperatures (Yalcin, 2017).

3.4.  Trend of precipitation changes 

 Investigation of climatic variables during the growing season showed  that precipitation during the last 38 years has had a decreasing trend (1.8 mm, 1.6 mm,
and 0.41 mm per year) in three regions (Bojnord, Esfarayen and Farooj, respectively) (Fig. 4).  

In each region, a period of time is considered for the planting of each plant, which is called the planting window (Row et al., 2000). This time depends on the
time of the beginning of the rainfall rather than the amount of rainfall, which has high fluctuations among other aspects of wheat cultivation. In such a way
that the delay in the beginning of autumn rains, at the same time as the decrease in temperature and lack of appropriates growth degree-day, affects the
germination stage. The loss of seeds or the decline in seeds vigor, the increase in the production of infertile tillers, the sterility of flowers, the risk of the plant
contracting diseases and pests should be considered as the consequences of early planting (Tahir and Nadeem, 2009). In the study that was carried out in
Northeastern Iran in the conditions of climate change with two climate models HadCM3 and CGCM2 with two scenarios A2 and B2, the results showed that
there is a positive and significant relationship between rainfed wheat grain yield and rainfall, as with increasing rainfall, wheat grain yield also increases
(Bannayan and Eyshi Rezaei, 2012). In another study on South Australian wheat production, the possible effect of climate change on wheat yield was
investigated using the DSSAT 3.5 model. The results showed that dry areas are more sensitive to climate change, especially changes in rainfall and
temperature increase, also the average decrease in the probability of grain yield in all investigated areas was reported between 13.5 and 32% (Luo et al., 2003).

3.5.  The changes of the length of wheat growing season 

The decrease in precipitation and the simultaneous increase in temperature has caused the length of wheat growing season to be slightly reduced (regression
coefficients in Fig. 5) to escape from adverse environmental conditions (Fig. 5). The highest amount of decrease during the growing season as a result of the
increase in temperature (regression coefficient in Fig. 5) was related to Bojnord region (-0.9031 day per year) and the lowest was related to Esfarayen region
(-0.2497 day per year). The other five regions had almost the same situation.

The appropriateness of wheat growth and phenology stages with the environmental conditions is one of the important factors for acclimatation,
acclimatization and increase of wheat yield. In addition, so far, many researchers have reported the relationship between the duration of growth stages and the
survival of yield components including the number of tillers, the number of spikes, the number of spikelets, the number of flowers and the number of seeds per
square meter (Chavez-Herrera et al., 2018). Although wheat yield components are formed during different stages of plant growth, one month before flowering
is a very important period in determining wheat grain yield. During this period, the stem and spike have their maximum growth rate and compete with each
other to receive assimilates, which determines the rate of death of fertile florets in the flowering stage (Wang et al., 2017). The number of seeds in wheat is
directly determined based on the number of fertile florets in the flowering stage (Steinfort et al., 2017). Due to the severe and negative impact of late season
heat stress on yield, adaptive solutions and measures such as agronomical and breeding methods that allow wheat to escape from the interference of high
temperatures with the stages of pollination and seed formation, including early planting (Krupnik et al., 2015), the use of special cultivation machines (zero
tillage or minimum tillage), which reduces repetitive operations and saves time for land preparation, has been suggested (Amjath-Babu et al., 2016; Krupnik et
al., 2013).
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3.6.  Panel Data Analysis (PDA) 

The spatial and temporal effects of climatic variables on wheat grain yield in in seven regions  from 1980 to 2009 years were identified using  PDA. Given that
the probability of F statistic (p ≤ 0.05) , so the null hypothesis is rejected and we can say that the independent variables (number of occurrences and amount
of precipitation during the growing season, the number and amount of precipitation in booting to the end of the soft paste stage, minimum, maximum and
mean temperatures during the growing season, temperature and precipitation in the flowering phase and the length of the growing season) affect yield (Table
2).

 The value of Durbin-Watson statistic is in the range of 1.5 to 2.5, so there is no correlation between the errors and the regression model is confirmed. 

PDA identified the positive cross section effect for Bojnord (Table 2), so 2002 and 2007 were evaluated as good year and weak year with regard to wheat grain
yield during the period 1980 to 2017, respectively (Table 3). Longer growing season (295 days vs. 269 days), amount and frequency of precipitation during the
growing season (359.4 mm in 59 times, vs. 242.4 mm in 49 times), amount and frequency of precipitation in the booting to the end of grain milk stages (36.1
mm in 5 times vs. 13 mm in 3 times), increase in minimum temperatures during the period of primary leaf production and plant establishment (-15.1 °C vs.
-21.2 °C), cool air in the flowering period, which is a sensitive stage to high temperatures (11.8 °C vs. 22.1 °C), respectively, increases the average yield in 2002
compared to 2007. Although the number of temperatures above 30 °C was higher in 2002 than in 2007 (11 vs. 3), it did not reduce yield in 2002 due to the late
occurrence of the hard dough stage  (Fig. 6).

The negative cross section effect for Farooj was identified by PDA, so 2009 and 2007 were evaluated as good year and weak year with regard to wheat grain
yield during the period 1980 to 2009, respectively (data not shown). In 2007, the temperatures at the beginning of the growing season were so low that it faced
negative temperatures during the early leaf production stage, and at the early stage of tillering and plant establishment, the air temperature reached to -20.9 °
C (Fig. 7). In 2007, at the flowering stage, the maximum temperature (198th days after planting) was 19.6 ° C and in 2009, the air temperature (15.1 °C) was
cooler (Fig. 7). In 2007, the temperature reached to 30.7 ° C at grain filling stage (soft dough)   and the increased temperature in this stage has caused grain
shrinkage and reduced yield (Fig. 7). The length of the growing season in 2007 was five days shorter than in 2009, which by comparing the times of
temperatures above 30 ° C, the amount and times of precipitation (Table 3  and Fig. 7 ) It can be attributed to the warm and dry growing season in 2007
compared with 2009.

The frequency of temperatures above 30 oC in all regions in the grain dough stage was higher than grain milk stage (Fig. 8). 

The results showed that 63% of the changes in wheat yield in the regions are explained by the studied climatic variables (R2= 0.63). Comparison of climatic
variables showed that the number of temperatures above 30 degrees (N30TMAX), mean temperature (GSTMEAN), interaction of amount and frequency of
precipitation (TPRAT×NPRAT) have a significant effect on yield (p ≤ 0.05). The length of growing  season was significant (p ≤ 0.05) in all regions and had an
additive effect. The pvalue of F-Limer test was obtained less than 0.05 (Table. 3), so the data are not pooled (not cumulative) and the existence of cross-
sectional effects between different regions for wheat is evident. In other words, three regions (Bojnourd, Shirvan and Esfarayen) have significant and positive
cross-sectional constants effect in regard to the climatic variables (mean temperature, number of temperatures above 30 °C, amount and number of
precipitation during the growing season) interval 1980-2009 and four regions (Farooj, Raz-Jargalan, Mane- Semelghan and Jajarm) had negative cross-
sectional effects (Table. 4).

 The results of PDA showed that wheat crop in all regions and in total of the studied years, the grain filling stage (grain milk and grain dough stages) was
exposed to temperatures above 30 ° C and caused negative cross-sectional effects in four regions (Farooj, Raz-Jargalan, Mane-Semelghan and Jajarm).
Temperatures  above 30 o C can damage of leaf photosynthetic system and reduced grain filling period (Asseng et al., 2011). Critical limit of environmental
variables for wheat in Northeastern Iran is 22.1 oC maximum temperature during anthesis phase, 33.9 oC maximum temperature, 7.8 oC mean temperature and
189.1 mm precipitation during growing season approximately (Table. 5). 

Critical high and optimum temperature at grain filling stage were reported as 34.3 oC ± 2.66 and 21.3 oC ± 1.27, respectively (Farooq et al., 2011). At critically
high temperatures higher than 32 o C prior to and during the anthesis stage, photosynthetic decline is more pronounced. This can cause pollen sterility, stigma
desiccation, early embryo abortion, reduced seed set, shriveled seed, reduced seed size and setting. Optimum temperature in this stage is 23 oC ± 1.15 (Farooq
et al., 2011; Lobell & Field, 2007; Reynolds et al., 2016). It seems that the shorter durability and continuity of high temperatures and its interaction with
precipitation and mean temperatures has been the reason for the positive cross-sectional effects in areas (Table. 4). There is high probability of very low
temperatures in the early leaves production and plant establishment stage. Therefore, the delay in planting date later than early October (common planting
date across the study region), cause that the grain milk stage, which is more sensitive, will encounter high temperatures and will lead to a severe reduction in
yield.

4. Conclusion
The average yield of irrigated wheat over 38 years, with a very gentle upward slope, has had an almost constant trend due to managerial factors including
improved cultivars and mechanization level. Studying stress degree days and wheat phenology using AgMERRA data set as input for DSSAT crop model
generated robust results which in turn can greatly enhance our understanding of somehow wheat growth responds to climate variability and could help
farmers to adaptation and reasonably confront its influence. In general, the results showed that employing of the effective management methods, in particular
selecting the appropriate planting date that could be resulted in better adaptation of the phenological stages of wheat to environmental conditions, can
improve wheat yield.
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Tables
Table 1. Geographical coordinates and properties of seven synoptic stations in Northeast, Iran

Longitude and latitude   Elevation from

the sea (m)

Established

year

Synoptic Stations

  Northern Latitude Eastern longitude        

Second Minute Degree Second Minute Degree      

56 2 37 41 29 57 1203 2007 Esfarayen

55 33 37 43 56 56 762 2006 Mane-Semelghan

48 28 37 18 16 57 1100 1977 Bojnord

43 57 36 17 20 56 969 2007 Jajarm

23 56 37 5 6 57 1278 2006 Raz-Jargalan

4 26 37 15 50 57 1051 2005 Shirvan

15 13 37 36 13 58 1196 2008 Farooj
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Table. 2 Panel data analysis to determine the effects of environmental variables on wheat grain yield in Northeast, Iran  from 1980 to 2009 years

         

Variable Coefficient Std. Error t-Statistic Prob.  

C -13567.99 2236.367 -6.066978 0.0000

N30TMAX 20.51323 8.314688 2.467107 0.0144

GSTMIN -17.88020 19.66559 -0.909212 0.3642

GSTMEAN 817.4941 82.91990 9.858841 0.0000

GSTMAX 10.20361 22.83074 0.446924 0.6554

ASTMAX -6.044855 8.794025 -0.687382 0.4926

ASPRAT -2.417837 8.944842 -0.270305 0.7872

GS 32.23145 5.897515 5.465260 0.0000

TPRAT40_80*NPRAT40_80 -0.136304 0.252038 -0.540808 0.5892

TPRAT*NPRAT 0.044283 0.008792 5.036719 0.0000

         

  Weighted Statistics    

         

R-squared 0.635942     Mean dependent var 3322.484

Adjusted R-squared 0.609585     S.D. dependent var 1275.487

S.E. of regression 567.7592     Sum squared residual 71239469

F-statistic 24.12789     Durbin-Watson stat 1.806150

Prob(F-statistic) 0.000000      

Effects Test (F-Limer) Statistic   d.f.  Prob. 

Cross-section F 24.687395 (7,221) 0.0000

Cross-section Chi-square 137.495062 7 0.0000

 

N30TMAX (Number of 30< degree centigrade at growth season), GSTMIN (Minimum temperature at growth season), GSTMEAN (Mean temperature at growth
season),GSTMAX (Maximum temperature at growth season), ASTMAX (Maximum temperature at anthesis stage), ASPRAT (Precipitation at anthesis stage),
GS (Growth season)

Table. 3 Comparison of environmental variables affecting wheat yield in Northeast, Iran in good (2002) and weak (2007) years with regard to grain yield
during 1980-2017

Amount of
precipitation
(mm) during
booting to
the end of
grain milk
stage

Number of
precipitation
during
booting to
the end of
grain milk
stage

amount of
precipitation
in the
flowering
phase (mm)

Number of
precipitation
s during the
growing
season

amount of
precipitation
during the
growing
season
(mm)

Maximum
temperature
in flowering
phase (◦c)

Minimum
temperature
during the
growing
season (◦c)

Average
temperature
during the
growing
season (◦c)

The number
of
occurrences
of
temperatures
above 30
degrees
during the
growing
season

Maximum
temperature
during the
growing
season (◦c)

36.1 5 0 59 359.4 11.89 -15.1 5.84 11 33.9

13 3 0 49 242.4 22.1 -21.29 5.82 3 30.7

Table. 4 The Cross section fix effect for the studied regions in Northeast, Iran
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Region Effect

Bojnord 1247.209

Shirvan 936.0465

Esfarayen 733.8508

Farooj -624.2577

Raz Jarglan -847.541

Mane-Semelghan -933.3697

Jajarm -1722.815

 

Table. 5 Critical limits of environmental variables for wheat in Northeast, Iran

Region Maximum temperature during
growth season (oC)

maximum temperature during
anthesis phase (oC)

mean temperature during
growth season (oC)

precipitation during
growing season

Bojnord 30.7 22.1 5.82 242.4

Esfarayen 32.4 19.6 6.49 192.6

shirvan 31 23.6 6.25 184.5

Farooj 34.9 19.6 7.94 164.9

Mane-
semelghan

36.4 25.5 9.1 182.2

Raz-
Jargalan

35.6 23.2 8.24 190.4

Jajarm 36.3 22 10.69 167.1

Mean 33.9 22.2 7.8 189.1

Figures
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Figure 1

Trend of changes in the wheat average yield (kg ha-1) resulted from management factors for seven studied regions in Northeastern Iran 
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Figure 2

Comparison of observational and estimated yield (kg ha-1) of wheat for seven studied regions in Northeastern Iran 



Page 14/19

Figure 3

Trend of changes in maximum temperature during growing season of wheat for seven studied regions in Northeastern Iran
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Figure 4

Trend of changes in precipitation variables during growing season of wheat for seven studied regions in Northeastern Iran
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Figure 5

Trend of changes in growing season of wheat for seven studied regions in Northeastern Iran
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Figure 6

Maximum temperature (up), minimum temperature (middle) and precipitation (below) changes during the growth stages of wheat in good year (2002) and
weak year (2007) with regard to grain yield in Bojnord at Northeastern Iran
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Figure 7

Maximum temperature (up), minimum temperature (middle) and precipitation (below) changes during the growth stages of wheat in good year (2009) and
weak year (2007) with regard to grain yield in Farooj region at Northeastern Iran
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Figure 8

Frequency of occurrence of climatic variables for seven studied regions in Northeastern Iran

(Bojnord and Esfarayen, 1980-2017; Shirvan, Farooj, Mane-Semelghan, Raz-Jargalan and Jajarm,  1980-2009).

N30Tmax (number of 30< degree centigrade at growth season), N30AST (number of 30< degree centigrade at antheseis stage), N30GMS (number of 30<
degree centigrade at grain milk stage), N30GDS (number of 30< degree centigrade at grain dough stage), Nprat40-80 (number of precipitation at growth
season), NTmin-11 (number of -11> degree centigrade at growth season )


